Introduction
In this study, we examined the anatomical variations of the subependymal veins in the region of the foramen of Monro and the third ventricle by MR time of flight (TOF) venography. The radiological demonstration of the venous variations can be a guide for surgeons to access the third ventricle, where surgery is a challenge even for the experienced neurosurgeon [1] .
Methods
Fifty healthy subjects, ten patients with third-ventricle tumors, and four patients with lateral-ventricle tumors were included in the study. All the patients with third-ventricle tumors had no dilatation of the foramen of Monro. We excluded from this study the patients with a foramen of Monro dilated by tumor, since the dilatation would change the position of the surrounding veins and their measurements. The tumors included three colloid cysts, four craniopharyngiomas, two gliomas, and one cavernoma. Of four lateral-ventricle tumors, three were astrocytomas and one was a central neurocytoma. All were located in the body portion of the lateral ventricle.
The MR (GE Medical Systems, Signa 1.5T, Milwaukee, USA) sequence used for venography was 2D TOF, FOV 16·16 cm, matrix 256·192, TR/TE=24/4.9, flip angle (FA) 60, and NEX 1. No contrast material (gadolinium) was administered. The total time for image acquisition was 5.5 min. The raw data were then transferred to the advantage window platform for data processing. This process included the reconstruction of a 3D model from the available data. From the 3D model, the surrounding structures were deleted in multiple planes until only the central veins were left in the model. The basic image plane for the evaluation of the venous anatomy was the axial plane, so a magnified view of this was printed for each patient, for storage. When the exact locations of the venous connections were not visualized on axial planes, 15°rotations of the 3D model were performed until a clear demonstration was made ( Figs. 1 and 2 Abstract In this study, we examined the anatomical variations of the subependymal veins in the region of the foramen of Monro and the third ventricle by MR time of flight (TOF) venography. Fifty healthy subjects, ten patients with third-ventricle tumors, and four patients with lateralventricle tumors were included in the study. The courses of the anterior septal vein (ASV), thalamostriate vein (TSV), and internal cerebral vein (ICV) were studied. The proximity of the venous angle, the false venous angle, and the ASV-ICV junction to the posterior margin of the foramen of Monro was measured. In 69 (53.9%) sides, the ASV-ICV junction was located at the venous angle and at the posterior margin of the foramen of Monro. In 59 (46.1%) sides, the ASV-ICV junction was located beyond the foramen of Monro. Our study shows the high incidence of posteriorly located ASV-ICV junctions, which can be crucial in the planning of a better surgical approach. We strongly recommend that MR venography, which is a short radiological examination, be used before one operates on third-ventricle and lateral-ventricle tumors.
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The main focus of the study was the anatomical pattern and variations of the subependymal veins in the region of the foramen of Monro. The courses of the anterior septal vein (ASV), thalamostriate vein (TSV), and internal cerebral vein (ICV) were studied. The proximity of the venous angle, the false venous angle, and the ASV-ICV junction to the posterior margin of the foramen The location of the foramen of Monro and ASV-ICV junction was classified according to the proposal of Tu¨re et al. [1] . This method divides the location into four different categories with relation to the venous angle or false venous angle. When the ASV-ICV junction is located at the venous angle, which lies adjacent to the posterior margin of the foramen of Monro, as the classical anatomical description, it is called type IA. The remaining three subgroups have the ASV-ICV junction located beyond the posterior margin of the foramen of Monro. Type IB has the ASV joining the main stem of the ICV beyond both the foramen of Monro and the venous angle. Type IIA has the ASV joining the ICV at the false venous angle, which lies beyond the foramen of Monro. Type IIB has the ASV joining the main stem of the ICV far beyond both the foramen of Monro and the false venous angle (Fig. 3) .
Results
The ASV, TSV, ICV, and the ASV-ICV junction were successfully demonstrated in all cases. In 84 (66%) of 128 sides, the TSV became the ICV at the margin of the foramen of Monro, termed as the venous angle. In 44 (34%) of 128 sides, the venous angle was located beyond the posterior margin of the foramen of Monro, termed as the false venous angle. The data on the venous angle are summarized in Table 1 .
In 69 (53.9%) sides, the ASV-ICV junction was located at the venous angle (type IA). In 59 (46.1%) sides, the ASV-ICV junction was located beyond the foramen of Monro (types IB, IIA, and IIB). The data on the ASV-ICV junction are summarized in Table 2 . Examples of these types are given in Fig. 4 .
In types IB, IIA, and IIB, the ASV-ICV junction was found to be 2.5-14.1 (mean 6.9) mm beyond the posterior margin of the foramen of Monro (Table 2 ).
An illustrative case from a patient with a craniopharyngioma within the third ventricle is given in Fig. 5 .
Discussion
MR TOF venography is a non-invasive imaging technique that can detect slow flow from the cerebral venous system and has been shown to be a useful tool for the identification of cerebral thrombus or patency of the dural sinuses. It is used regularly for evaluating the patency of large cerebral venous structures [2, 3, 4] .
Demonstration of the fine cerebral vascular detail has been a challenge for the radiologist. This is the case especially in the deep venous structures where the relatively slow blood flow may cause a challenge for the demonstration of the anatomic structures. Information about this region is important to neurosurgeons because surgery of the third ventricle is difficult, even for the experienced neurosurgeon. Numerous surgical approaches to the third ventricle have been described, and all techniques have been associated with some advantages and disadvantages.
The anterior transcallosal approach is among these techniques and has been associated with better surgical exploration and postoperative cognitive function when the anterior and middle portions of the third ventricle is approached through the lateral ventricle [5, 6, 7, 8, 9, 10, 11. 12] . The foramen of Monro is a unique natural opening leading from the lateral ventricle into the third ventricle. This technique is reported to be effective especially in patients with a foramen of Monro dilated by tumor. However, if the foramen of Monro is not dilated by the tumor, the location of the ASV-ICV junction relative to the foramen of Monro becomes a key factor. When the ASV-ICV junction is located posteriorly beyond the foramen of Monro, the transforaminal exposure can be adapted according to the patientÕs venous anatomy. The foramen of Monro ipsilateral to the more posteriorly located ASV-ICV junction can be enlarged to provide a wider access to the third ventricle [1] .
This study is also valuable for surgery of the lateral ventricle. In patients with tumors located in the body portion of the lateral ventricle, the removal of the mass exposes the underlying subependymal veins. Pre-operative knowledge of the venous structures underneath the tumor provides the neurosurgeon with a better dissection plan to avoid vascular complications.
Various studies have been made describing the deep venous system of the brain and the venous variations in the region of the foramen of Monro [13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23] . Usually, the TSV and the ICV form a junction adjacent to the posterior margin of the foramen of Monro, which is termed the venous angle. This junction can also be seen beyond the posterior margin of the foramen of Monro, and this situation is termed as the false venous angle. The incidence of false venous angle is reported to vary between 14 and 39% [1, 15, 16, 17, 19, 20, 21] . We have observed the presence of a false venous angle in 34% of sides, which is near the high end of the reported range.
Because of the difficulty in determining the exact location of the foramen of Monro on angiographic studies, accurate radiographic measurements are limited [19, 20] . In our study with MR venography, the ASV-ICV junction, which is the limit of enlargement of the foramen of Monro, was found to be located 2.5-14.1 mm (mean 6.9 mm) beyond the posterior margin of the foramen of Monro in 46.1% of sides. This number is close to that reported by Tu¨re et al. in their anatomical dissection study [1] .
Because of the various advantages and disadvantages of all the different exposures used in the exploration of the third ventricle, posterior enlargement of the foramen of Monro offers a direct and adequate access to the anterior and middle portions of the third ventricle without causing damage to the vital neural and vascular structures. The successful application of this technique, however, depends on the surgeonÕs knowledge of the venous variations of this region. Our study provides adequate information about the high incidence of posteriorly located ASV-ICV junctions, which will allow the foramen of Monro to be enlarged as far as the junction. This simple radiological information is acquired by scanning the patient in 5.5 min and reconstructing the venography images in an additional 5 min, and can be crucial in planning an effective and precise surgical approach. We strongly recommend pre-operative MR venography for third-ventricle and lateralventricle lesions, to delineate the variations of the subependymal veins of this area.
